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Abstract

The state enterprise "Priargunsky Mining and Chemical Production Association " (PPGHO) is the
only active uranium production centre in Russia in last decade. Mining has been operated since 1968
by two open pits and four underground mines. It is based on resources of 19 volcanic-type deposits of
Streltsovsk U-ore region situated at the area of 150 km2. Milling and processing has been carried out
since 1974 at the local hydrometallurgical plant. Since the mid 1980s, limited amount of uranium is
produced by heap and block leaching methods. High level of total production marks PPGHO as one
of the outstanding uranium production centers worldwide. Significant amount of solid, liquid and gas
wastes have been generated for more than 30 years. The principal environmental contamination
comes from waste rock piles, mine water and tailing ponds. Liquid waste seepage through tailing
pond bed can essentially contaminate underground waters. The principal environmental remediation
activities are: waste rock dumps and open pits rehabilitation; waste rock utilization for industrial
needs; heap and block leaching mining development, strengthening dam bodies and construction
intercepting wells below the tailing pond dam, hydrogeological monitoring, upgrade of mine water
treatment unit. Waste is being managed by the environmental service team of PPGHO. Environmental
restoration activities, including rehabilitation of the territories and waste utilization, are
implemented gradually in line with decommissioning of enterprise's particular facilities.

1. INTRODUCTION

Uranium production in the former Soviet Union was a strategic task. Economic and
environmental aspects were of minor importance. As a result, low-grade and small deposits
were developed too, and high production capacities were kept for a long time. Financial
reserves for decommissioning and rehabilitation activities had not been put in place. World
over-production, lasting until 1990, and following significant CIS export sales in the 1990s,
resulted to uranium market prices dropping and uranium production decrease. In 1999 primary
uranium production covered only about 55% of nuclear industry requirements. These factors
resulted in closure or reconstruction of some facilities with unprofitable production and thus
caused difficulties for the environmental projects implementation.

The state JSC "Priargunsky Mining-Chemical Production Association" (PPGHO) is the only
active uranium production centre in Russia. A high level of total U production (about 100
OOOtU since 1968) marks Priargunsky as one of the outstanding production centres worldwide
[1]. Priargunsky includes uranium (mines, processing plant, mill tailings) and non-uranium
(steam power plant, coal and manganese open casts, workshops etc.) facilities, which require
environmental activities.

Mining started in 1968 and has been in operation in two open pits (both are depleted) and
three underground mines. Milling and processing has been carried out at the local
hydrometallurgical plant since 1974 by sulphuric acid leaching with subsequent recovery by
sorption-extraction ion exchange scheme. Dominant production comes currently from
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underground mining and limited amount is produced from the low-grade ores by heap
leaching and in place leaching methods.

The production is based on 19 volcanic-type deposits of Streltsovsk U-ore district with the
average U grade about 0.2%, situated in the area 150 km2 [2]. Approximately 75% of the
resources of the Streltsovsk district are in a depth interval from 200 to 600 m below surface
where ore lodes are distributed in stratified sedimentary and volcanic rocks. Ten deposits have
been brought into production: eight by underground mines and two by open pits.

2. ENVIRONMENTAL IMPACT

Significant amounts of solid, liquid and gas wastes were formed since 1968. Currently the
annual waste limits for Priargunsky equal to: low-grade ores 150 OOOt, waste rocks 300 OOOt,
cleaned mine waters discharge 2 800 ths.m3, total wastewater discharge 22 500 ths.m3.

2.1 Mining waste piles

Mining activities result in the following environmental contamination:

• influent of radioactive and blasting gases in the atmosphere;

• effluent of contaminated mine waters;

• waste and sub-grade rock dumps accumulation.

Current uranium mining is carried out only by the underground techniques. About 0,2 to 0,4
tons of waste rocks or sub-grade ores correspond to one ton of mined ore. Over 150 mln. tons
of waste rocks are accumulated in 30 waste rock dumps since 1968. Over 5,6 mln. tons of low
and sub-grade ores are placed for heap leaching. Total area of waste rock piles cover more
than 340 hectares [5].

Waste rock dumps are generally not radioactive. Nevertheless, it can be a potential source for
radionuclides migration into the atmosphere, soil and water. It is necessary to note that radon
and long-live alpha-nuclides concentrations at the distance 100 to 250m from piles are close
to background levels.

2.2 Mine waters treatment

Mine waters are radioactive, bacterially infected and contain high TDS. Their annual volume
is about 8,5 mln.m3. Since 1993 wastewater's from mill and mine have been treated at the
special water treatment plant. It works on precipitation circuit using lime milk,
polyacrylamide as flocculent and green vitriol. The nominal capacity is 1000 m3/hour. Waters
are cleared of suspended matter, radionuclides, manganese, heavy metals and uranium.
Effectiveness for U, Mn and radionuclides treatment is over 90% [5].

70% of cleared mine waters are used annually for milling plant needs and the remaining 30%
are discharged into Umykei lakes. The underground packing mix is also prepared on its basis.
However, cleared mine water cannot be used yet for other needs (agriculture, municipal
services etc.). About 6 tons of uranium and 263 tons of manganese dioxide was recovered
from mine waters in 1999.
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2.3 Milling plant effluents

Milling plant processes large volumes of uranium ore (up to 3500 tons ore per day) with high
water consumption (up to 3-4 m3 per ton of leached ore). Only cleared mine water is used in
the milling process.

The concentrations of gas-aerosol emission, long-live alpha nuclides, radon, its decay
products and dust are low. More often non-radioactive harmful chemical substances affect the
environment, for example ammonia and nitrogen oxides effluent to the atmosphere.

2.4 Tailings

Two tailings enclose milling plant wastes: Verhnee and Srednee. Verhnee tailing pond was the
main one for many years and Srednee was used only during pipelines repair. The total volume
of tailings impoundment is about 50 mln.m3 covering 3 766 ths.m2. Uranium grade in solid
mill wastes amount 0.010%.

Tailing impoundment is a significant source of potential environmental contamination. The
principal emanation comes from radon-222 and its short-life decay products as the result of
beaches dusting. Probable liquid waste seepage through tailing pond bed can affect
underground waters and contaminate them.

3. WASTE MANAGEMENT

Waste management is carried out by the environmental survey according to the state laws and
instructions. The environmental survey of PPGHO consists of environmental department to
co-ordinate environmental activities of all services and local divisions of environmental and
radiation services.

• The following activities are performed to decrease the negative influence of waste
rocks [5]:

• waste rock piles rehabilitation;

• irrigation of dusty wastes surfaces and roads;

• waste rocks utilisation for industrial needs, i.e. for tailing pond dam, road and
construction;

• development of heap leaching mining for low-grade ores.

The project of Tulukui and Krasny Kamen open pits rehabilitation is adopted. One of the main
environmental objectives is water supply. All water sources (technical drains, power plant
effluents, 30% of cleared mine waters) are discharged in the system of Umykei inland lakes
[4]. Further development of recycling water supply systems as well as clarification of mining
and technical waters will allow:

• to stop technical water supply from Argun river and to mothball storage pond;

• to return the surplus of cleared waste water to Argun river;

• to reduce waste water discharge in Umykei lakes.
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Tailing pond is considered as the most dangerous unit, regarding large amounts of
accumulated radioactive wastes and sections overfilling. Environmental activities [2,5]
include:

• strengthening of dam bodies and building protective dam around the potable water
wells;

• construction of new intercepting wells below the tailing pond dam and effective work
of existing wells;

• upgrading the system of hydrogeological monitoring.

Monitoring in constantly working intercepting and observation wells show that contamination
aureole (for sulphate ion) migration in Shirondukui valley was stopped in 1997 due to a new
system of intercepting wells. However, construction of special plant for liquid wastes
treatment is considered as the most effective way.

The following measures are performed to reduce radionuclides emission in the atmosphere:

• closure or isolation of old or stand by mines, bore pits and ventilating wells;

• water saturation of tailing ponds surfaces and beaches for dusting prevention;

• modernization of power plant filters to reduce ash emission in atmosphere.

4. MONITORING

Radiation control of reference level for personnel and environment in mines and mill show
that the level for harmful factors generally satisfies standards. The emission of toxic
substances does not exceed the limits and come from non-uranium facilities.

A number of constant atmosphere monitoring stations are organised to control concentration
of most toxic chemical elements and radionuclides. Their amount comprises 9 to 74% from
estimated limits. Maximal concentrations relate to nitrogen oxide and sulphuric dioxide
effluents from power plant and sulphuric acid plant.

About 500 annual air samples from Krasnokamensk show that only minor ammonia and
sulphur dioxide elevations are marked. The toxic substances content are monitored also at
uranium heap leaching sites, mill and sulphuric acid plant tailings. Only in some samples dust
amount exceed the limits. Annual radiation doze rate for population does not exceed 1 mSv.

Monitoring for ground waters quality is performed through a system of 111 wells and local
monitoring wells around tailings, heap leaching sites, slag heaps, etc. 326 water samples has
been analysed (7800 element-measurements) in 1998. Portable water quality satisfies the
sanitary norms except for fluorine concentration, which comes from initial composition.

Monitoring in the sanitary-protective zones of mill and acid plant tailings (42 observation
points), power plants tailings (8 observation points) and waste rock piles include chemical
composition and physical properties measurements, estimations for volumes and areas of
impoundment, etc. The special monitoring for soil and grass was performed in 1999 to
evaluate the contamination in sanitary-protective zone near tailing ponds.
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The results of monitoring show that the impact of mining and milling on the environment is
generally similar to the other conventional uranium producing centres in the world and it is
minimized due to proper environmental activities and waste management.

CONCLUSIONS

According to almost all the available forecasts uranium will remain the main source for NPP
fuel. Analysis of supply demand relationship show that about 75% of total cumulative demand
to 2020, and 90% to 2050 would be met from mine production [6]. In this aspect uranium
mining and processing facilities should produce uranium with minimal environmental
impacts.

The future of Priargusky will depend not only on the uranium market but also significantly on
the efficiency of environmental activities. The entire rehabilitation of all territories will be
realised in the whole volume after their closure, but mill wastes treatment, mine waste rock
piles rehabilitation and old mines closure are considered as important current projects. The
world experience shows that environmental costs of decommissioning and rehabilitation
activities after closure are much higher than during operation (the examples of UMTRA in
USA and "Wismut" in Germany).
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